obtained during this 100-ns simulation showed that the p.Arg118Trp disrupts a hydrogen bonding interaction with the neighboring Thr125 residue (SI Appendix, Fig.   S4C ). In the SRC inactive state the SH3-SH2 domain forms a hinge that is in the closed conformation (4) . During activation, the SH3 and SH2 domain unlatch from the Cterminal portion of the protein, making Tyr416 open for phosphorylation (SI Appendix, The Pro525Ser mutation is located on the C-terminal tail of the FGR structure. The C-terminal tail is a critical regulatory region of the protein, and thus, its composition is highly conserved (SI Appendix, Fig. S6B ). Phosphorylation of Tyr523 by Csk inactivates the enzyme by keeping it in its closed conformation. This prevents ulterior phosphorylation of Tyr412, which is important to form its open active confirmation (4).
In the closed conformation, the C-terminal region binds to two hydrophobic pockets of the SH2 domain (6) . Phosphorylated Tyr523 binds to the N-terminal hydrophobic pocket specifically, and the following three amino acid residues are important for this binding (6) . The surface of the pocket is neutral in charge by hydrophobic residues positioned in SH2. Thus, it is expected that the Pro525Ser mutation prevent the hydrophobic interactions within the pocket, leading to instability to form the closed confirmation (SI Appendix, Fig. S6A ). Thus, it is suggested that the Pro525Ser mutation causes abnormal activation-inactivation cycles of FGR protein. This could lead to constitutive activation of FGR as observed in the Ali18 mouse.
Methods

Whole genome sequencing (WGS) by next generation sequencer (NGS).
Genomic DNA for WGS was extracted from Ali18/+ and wild type kidney using QIAGEN genome tip by manufactures protocol. Briefly, the frozen kidneys were crushed by Cryo-Press (MICROTEC CO., LTD, Chiba, Japan), and then crushed powder was used for column separation. The quality of genomic DNA was assessed by Victor 3 fluorometry and gel electrophoresis, and the library construction and HiSeq NGS were ordered to Macrogen Japan (http://www.macrogen-japan.co.jp/). The sequence data were analyzed by IGV (http://software.broadinstitute.org).
Genotyping of Ali18 mice. The MIT microsatellite markers used for genetic mapping are described previously (7, 8) . The D4Neu12 and D4Neu6 markers were originally made using microsatellite sequences detected in the critical region of Mouse Genome sequence database; D4Neu12-L, 5'-CTGGGTCTTCAGAGCTACGTC; D4Neu12-R, 5'-GATCTGAGGACTGTGGGGAT; D4Neu6-L, 5'-CTCCTGATTCCATTGCAGTG; D4Neu6-R, 5'-CTATGTAGTCAGAGCTGTCCTGG.
After sequence detection of the p.Asp502Gly mutation, we continue to use the PCR primer pair of the exon of the Fgr gene for Ali18 genotyping. Genomic PCR was performed using the following oligonucleotides spanning exon12 to exon13 of the Fgr gene: Fgr_ex10-11L, 5'-TTAATCCAGCAGTTCCCAGG and Fgr_ex10-11R, 5'-GGGATTGGCAAGAGCAAG. The PCR products were directly digested with the Mbo II restriction enzyme (NEB). MboII specifically recognizes wild type (5'-GAAGA-3') but not Ali18 (5'-GAAGG-3') sequences in the PCR products.
For genotyping of F0 and F1 mice produced by genome editing, we sequenced PCR products of exon 3 of the Fgr gene around the translational initiation site using the following oligonucleotides: Fgr_ex1L, 5'-TAGTGGTACACCAGCCAGGG, and Fgr_ex1R, 5'-CGTTGAGCTAGAGAATAGAGCTG. In addition, PCR-based genotyping of F0 mice was performed for the Fgr Asp502Gly mutation described above.
Histology and bone inflammation scoring. Hind paws were sectioned by standard histological procedure with formic acid decalcification as described previously (9) . Bone inflammation was scored for each bone of feet (talus, calcaneus, navicular bone, cuneiform bone, metatarsal bone, and phalanx) according to the percentage of the bone marrow space containing inflammatory cells; 0 (no inflammation), 1 (< 25%), 2 (25-75%), and 3 (>75%). The bone inflammation scores were then averaged for each F1 animals.
Protein preparation from tissues and transfection. Protein samples were prepared from tissues of Ali18/+ and Ali18/Ali18 mice. Tissues were once frozen, and then used for making tissue powder by Cryo-Press (MICROTEC CO., LTD, Chiba, Japan). Bone marrow was flushed from femur, and put through nylon mesh; the cells were centrifuged and used for protein preparation. Protein extract was dissolved with buffer containing 1x complete protease inhibitor cocktail (Roche) and 1x phosphatase inhibitor cocktail (Nacalai tesque, Japan), and sonicated for 10 minutes. Plasmid DNA described in SI Appendix, Methods, was transfected into the NIH3T3 cells using the at 30°C, the reaction was terminated by the addition of 2.5x Laemlli sample buffer and applied to 8.5% SDS-polyacrylamide gel. GST-FgrKD and GST-FGRKD were visualized by CBB staining, and then, the gel was subjected to autoradiography.
Plasmids.
For overexpression experiments in cultured cells, the constructs were made in house. Briefly, bone and bone marrow cDNA were synthesized using RNA from whole femur of wild-type C3HeB/FeJ and Ali18/Ali18 mice, and full coding Fgr cDNA was amplified using a pair of PCR primers (Fgr_rt2L, 5'-GTCTGTGGGGGCATCTGG and Fgr_rt2R, 5'-GGGATTGGCTGATGCCCAGT). The PCR products were cloned into the pTARGET vector (Promega). The insert Fgr coding sequences of wild type (w21) and p.Asp502Gly (A14R5) were confirmed by Sanger sequencing. PyMOL (Schrödinger Corporation). Charges and hydrogen atoms were added to the wild-type and mutant FGR model using PDB2PQR (14) . Electrostatic potentials were calculated using APBS (15) . Protein and solvent dielectric constants were set to 2.0 and 78.0, respectively. PyMOL generated all structural figures (Schrödinger Corporation).
We performed all-atom molecular dynamics (MD) simulations of wild-type and p.Arg118Trp FGR SH3 domain models using YASARA 15.7.25 software package (16).
The system was then subjected to 250 ps restrained equilibration simulation in the NVT ensemble. Temperature was set to 298K and the system was solvated in water with 0.9% NaCl and a pH of 7. C133919389T D Figure S1 igure S2 
